The genus Mucilaginibacter, a member of the family Sphingobacteriaceae (Steyn et al., 1998; Pankratov et al., 2007) and the phylum Bacteroidetes, includes Gramnegative, non-motile rods that are facultatively anaerobic and produce large amounts of extracellular polysaccharide (EPS). At the time of writing, the genus Mucilaginibacter comprises at least 16 species with validly published names: Mucilaginibacter paludis and M. gracilis (Pankratov et al., 2007) , M. kameinonensis (Urai et al., 2008) , M. daejeonensis , M. ximonensis (Luo et al., 2009) , M. oryzae (Jeon et al., 2009) , M. rigui (Baik et al., 2010) , M. gossypii and M. gossypiicola (Madhaiyan et al., 2010) , M. angelicae (Kim et al., 2012) , M. lappiensis and M. mallensis (Männistö et al., 2010) , M. frigoritolerans (Männistö et al., 2010) , M.
boryungensis (Kang et al., 2011) , M. myungsuensis (Joung & Joh, 2011) and M. dorajii . In this study, we characterized the EPS-producing bacterial strains DRP28 T , DRP29 and DRP31 that were isolated from the rhizoplane of Angelica sinensis. Based on phenotypic, phylogenetic and genotypic characteristics, we suggest that these strains represent a novel species of the genus Mucilaginibacter.
Strains DRP28
T , DRP29 and DRP31 were isolated from the rhizoplane of Angelica sinensis collected from the Geumsan, Republic of Korea, using the standard dilution plating technique. All isolates produced slime indicative of EPS around the colonies when grown on potato dextrose agar (PDA; Difco) medium at 25 uC for 3 days. The isolates were routinely cultured on R2A (Difco) agar medium and preserved at 280 u C as a suspension in distilled water containing 20 % glycerol (w/v).
Cells of strains DRP28
T , DRP29 and DRP31 incubated on R2A medium for 3 days at 25 u C were used for physiological and biochemical tests. Cell morphology and motility was observed by phase-contrast microscopy (Nikon Eclipse 80i).
The pH range for growth was determined on R2A agar. Medium sterilized by autoclaving was adjusted to pH 4-11 (in increments of 1 pH unit) by addition of HCl or NaOH. Growth temperature (4, 10, 15, 20, 25, 30, 37, 40 and 42 u C) and NaCl tolerance (0, 1, 2, 3, 5 and 10 %, w/v) were tested on R2A agar. Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. The presence of flexirubin-type pigments was investigated as described by Reichenbach (1989) . Other physiological and biochemical tests were performed using API 20E, API 20NE and API 50CH kits (bioMérieux). Enzymic activities were tested using the API ZYM kit (bioMérieux) following the manufacturer's instructions.
Colonies of strains DRP28
T , DRP29 and DRP31 were pale pink ( Supplementary Fig. S1 , available in IJSEM Online). Cells of these strains were Gram-negative, non-sporeforming, non-motile rods that occurred singly, in pairs or in short chains. Strains DRP28
T , DRP29 and DRP31 grew in the range pH 4-11, with an optimum at pH 6.0-7.0. The temperature range for growth was 4-28 u C, with an optimum at 25 u C. Growth was inhibited completely at NaCl concentrations above 1.0 % (w/v). Detailed results of colony colour, morphological, physiological and biochemical analyses are given in (Thompson et al., 1997) . Phylogenetic trees were generated by three algorithms, the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) methods, using the PHYLIP program package (Felsenstein, 1984 (Felsenstein, , 2005 . Bootstrap analysis to evaluate the stability of phylogenetic tree was achieved using a consensus tree from the neighbour-joining, maximum-parsimony and maximum-likelihood methods, based on 1000 resamplings. Probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive DIG-High Prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche). DNA-DNA relatedness was quantified by using Bio-1D image analysis software (Vilber Lourmat).
The sequences of strains DRP28 T , DRP29 and DRP31 were closely related to those of members of the genus (Fig. 1) showed that strains DRP28
T , DRP29 and DRP31 formed a monophyletic clade with the members of the genus Mucilaginibacter with 100 % bootstrap support. DNA-DNA hybridization showed less than 41.3 % DNA-DNA relatedness between strains DRP28 T , DRP29, DRP31 and the reference strains (summarized in Table 2 ). The DNA G+C contents of strains DRP28
T , DRP29 and DRP31 were 42.7, 42.6 and 41.9 mol%, respectively (Table 2) .
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v) and purified by TLC on Merck silica gel 60 F254 plates (20620 cm, 0.5 cm thick) using a mixture of petroleum benzene and diethyl ether (85 : 15, v/ v) as the solvent. Spots were scraped off and then analysed by HPLC as described by Collins & Jones (1981) . The predominant respiratory quinone is MK-7 (Table 1) .
Cellular fatty acid profiles were determined for strains grown on TSA for one day at 28 u C. Fatty acid methyl esters were extracted and prepared by using the standard protocol of the Microbial Identification System (MIDI, 1999) . Extracted fatty acid methyl esters were separated by using a gas chromatograph (HP6890N GC; Agilent) and identified with the Microbial Identification Sherlock software package (MIDI; database TSBA 40, version 4.0). The major fatty acids of strain DRP28
T were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 45.45 %) and iso-C 15 : 0 (21.32 %) (Table 3 ). Summed feature 3 and iso-C 15 : 0 have been previously reported as the predominant, characteristic fatty acids of members of the genus Mucilaginibacter (Pankratov et al., 2007; Baik et al., 2010) . Polar lipids were analysed according to Minnikin et al. (1984) . The polar lipid profile consisted of phosphatidylethanolamine, an unidentified aminophospholipid, two unidentified phospholipids, sphingoglycolipid, an unidentified aminolipid and unidentified lipids. Phosphatidylethanolamine and the unidentified aminophospholipid are major polar lipids ( Supplementary Fig. S2 ).
Sphingoglycolipids were analysed by the method of Hirai et al. (1995) . For detection of alkaline-stable glycolipids, the total extractable lipids were incubated in 1 M KCl and methanol (2 : 1, v/v) for 2 h at 37 u C and analysed by TLC with a solvent system composed of chloroform, methanol and water (70 : 30 : 5, by volume). Strains DRP28 T , DRP29 and DRP31 contained sphingoglycolipid ( Supplementary  Fig. S3 ). In the API ZYM gallery, alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, a-galactosidase, b-galactosidase, a-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase activities are present; but esterase (C4), esterase lipase (C8), lipase (C14), a-chymotrypsin, naphthyl-AS-BI-phosphohydrolase, b-glucuronidase, a-mannosidase and trypsin activities are absent. The major fatty acids are summed feature 3 and iso-C 15 : 0 . The major cellular polar lipids are phosphatidylethanolamine and an unidentified aminophospholipid. Sphingoglycolipids are detected. The DNA G+C content of the type strain is 42.7 mol%. The only respiratory quinone detected is menaquinone 7 (MK-7).
The type strain, DRP28 T (5KACC 15075 T 5NBRC 107757 T ), was isolated from the rhizoplane of Angelica sinensis, the sample being collected from the Geumsan, located in the Republic of Korea.
